Understanding the selective forces that shape genetic variation in natural populations remains a high priority in evolutionary biology. Genes at the major histocompatibility complex (MHC) have become excellent models for the investigation of adaptive variation and natural selection because of their crucial role in fighting off pathogens. Here we present one of the first data sets examining patterns of MHC variation in wild populations of a bird of prey, the lesser kestrel, Falco naumanni. We report extensive polymorphism at the second exon of a putatively functional MHC class II gene, Fana-DAB*1. Overall, 103 alleles were isolated from 121 individuals sampled from Spain to Kazakhstan. Bayesian inference of diversifying selection suggests that several amino acid sites may have experienced strong positive selection (ω = 4.02 per codon). The analysis also suggests a prominent role of recombination in generating and maintaining MHC diversity (ρ = 4Nc = 0.389 per codon, θ = 0.017 per codon). Both the Fana-DAB*1 locus and a set of eight polymorphic microsatellite markers revealed an isolation-by-distance pattern across the Western Palaearctic (r = 0.67; P = 0.01 and r = 0.50; P = 0.04, respectively). Nonetheless, geographical variation at the MHC contrasts with relatively uniform distributions in the frequencies of microsatellite alleles. In addition, we found lower fixation rates in the MHC than those predicted by genetic drift after controlling for neutral mitochondrial sequences. Our results therefore underscore the role of balancing selection as well as spatial variations in parasitemediated selection regimes in shaping MHC diversity when gene flow is limited.
Introduction
Genetic diversity is widely considered essential for the evolutionary and adaptive potential of populations and species. Many studies have therefore aimed at providing insights into genome-wide diversity using a relatively short array of neutral loci (reviewed by Coltman & Slate 2003; . Although variation at supposedly neutral DNA markers such as microsatellites or mitochondrial DNA (mtDNA) has great potential for inferring population connectivity and relatedness (e.g. Paetkau et al. 1995; Godoy et al. 2004; Martínez-Cruz et al. 2004; Alcaide et al. 2005; Fredsted et al. 2005) , their suitability for detecting adaptive variation and as surrogates for genetic variation in fitness-related loci is limited (e.g. Crandall et al. 2000; Aguilar et al. 2004; Jarvi et al. 2004) . Furthermore, local adaptation often requires restricted gene flow, and thus, investigating variation at genes under selection may be useful for unravelling population subdivision as well (e.g. Miller et al. , 2001 ). The major histocompatibility complex (MHC) has become an excellent model for the investigation of adaptive variation in vertebrates (see recent reviews by Piertney & Oliver 2006) . The MHC is a multigene family involved in the development of adaptive immune responses against pathogens (Klein 1986) . MHC genes encode cell-surface glycoproteins that bind and present short peptides (i.e. antigens) to specialized cells of the immune system in order to trigger appropriate immune reactions including antibody production or destruction of antigen-presenting cells. Genetic variation at MHC genes largely determines what foreign peptides an individual is capable of responding to, and thus, is thought to influence individual fitness and long-term survival of populations (Hughes 1991; Hughes & Nei 1992) .
Several evolutionary mechanisms have been suggested to generate and maintain extraordinary levels of polymorphism at the MHC (e.g. Robinson et al. 2000) . Thus, some studies have documented a major role of intragenic recombination and gene conversion against de novo point mutations (e.g. Richman et al. 2003) . On the other hand, two main types of balancing selection, 'heterozygote advantage' and 'frequency-dependent selection', are also thought to be important in maintaining the high levels of MHC variability needed to counteract selection pressures imposed by pathogens (Hedrick 1999; Bernatchez & Landry 2003) . Additionally, other nonmutually exclusive modes of selection have dealt with spatial and/or temporal variations in parasite selection regimes (Hill 1991) , MHC-dependent mate choice (Penn & Potts 1999 ) and maternal-foetal interactions (Clarke & Kirby 1966; Edwards & Hedrick 1998) .
The usually highly polymorphic second exon of MHC class II B genes has been widely studied in vertebrates because this locus encodes the functionally important peptide-binding region (PBR) involved in the immune response against bacteria and parasites (e.g. Musolf et al. 2004; Bos & DeWoody 2005; Miller et al. 2005; Wegner et al. 2006) . In birds, most studies of the MHC have focused mainly on galliform species or passerines Witzell et al. 1999; Ye et al. 1999; Bonneaud et al. 2004; Jarvi et al. 2004) , with few examples of other avian groups (Bollmer et al. 2007; Ekblom et al. 2007) . In this respect, the isolation of avian MHC genes has been traditionally assumed to be laborious and time-consuming because of the substantial variation in gene organization even between closely related species. Furthermore, many species possess multiple MHC loci (e.g. Westerdahl et al. 2004) , and concerted evolution among paralogous genes (e.g. Edwards et al. 1995; Witzell et al. 1999) has challenged the construction of locus-specific primers. However, a recent and extensive characterization of MHC class II B genes in birds of prey showed that the structure of genes from species belonging to the same raptor family is quite well conserved (Alcaide et al. 2007) . Although concerted evolution precluded the design of locus-specific primers in several species (see Alcaide et al. 2007) , the number of gene copies was generally low (1-3). At first sight, the complexity and diversity of MHC genes of birds of prey would resemble that of the widely studied chicken MHC, which appears to be small and compact, containing only enough expressed genes to ensure resistance against common pathogens (i.e. 'minimal essential MHC hypothesis', Kaufman & Salomonsen 1997) . However, the use of polymerase chain reaction (PCR) approaches in this previous study cannot dismiss an underestimation of the number of gene copies in a multigene family (e.g. Wagner et al. 1994) . Among the raptor species investigated, those belonging to the genus Falco provided the best chance for investigating patterns of MHC variation at single polymorphic and positively selected MHC loci.
The lesser kestrel Falco naumanni is one of the most widely studied bird species. During the last century, habitat transformations led to the extinction of the species from several locations of its breeding range in Eurasia, practically disappearing in others (Biber 1990) . Changes in land use and agricultural practices have been implicated as the main causes of population decline (Tella et al. 1998 ) of this habitat-specialist falcon inhabiting steppe and pseudosteppe ecosystems (Cramp & Simmons 1980; Ferguson-Lees & Christie 2001) . As a result, the breeding range of the philopatric lesser kestrel became more patchy. Genetic divergence among fragments may be thus expected to follow an isolation-by-distance pattern that would be in agreement with strong philopatry and restricted dispersal over short distances (see Negro et al. 1997; Serrano et al. 2001; Serrano & Tella 2003) . Such restrictions in gene flow might predict an increase in the chance for local adaptations that could be reflected in functionally important genes such as those belonging to the MHC. On the other hand, the smaller population sizes brought on by population decline could thwart the effects of selection, leaving a more random pattern.
Our aim in this study, one of the first examining MHC diversity in wild populations of a bird of prey, was of comparing patterns of variation at MHC loci and supposedly neutral markers (microsatellites and mtDNA) in order to investigate the extent of local adaptations at evolutionary relevant genes when gene flow is limited. Our study is geographically broad, including several populations across Eurasia, from Spain to Kazakhstan. As far as we know, geographical variation in MHC genes has only been studied previously in a few bird species: the great snipe (Gallinago media, Ekblom et al. 2007) , the red grouse (Lagopus lagopus scoticus, Piertney 2003), South Island robin (Petroica australis australis, Miller & Lambert 2004a ) and the little greenbul (Andropadus virens, Aguilar et al. 2006) . Besides providing valuable data concerning diversity at functially important genes and conclusion on the relevance of the MHC, this study also assesses the suitability of MHC genes as potential genetic markers to establish the origin of vagrant or captive individuals, undoubtedly, one of the most exciting scopes in molecular ecology.
Materials and methods

Study species and populations
The lesser kestrel (Aves: Falconidae) is a small migratory falcon whose breeding range covers mid-latitude and low altitudes of Eurasia. Here, this facultatively colonial falcon can be found in human structures holding up to 100 breeding pairs when they are surrounded by agricultural land. Lesser kestrels are known to winter in the savannah and grass plains of Africa, with the most numerous aggregations recorded in the southern region of the continent (Cramp & Simmons 1980; Ferguson-Lees & Christie 2001) .
We investigated geographically distinct breeding populations of lesser kestrels across Eurasia: southwestern Spain (SWS), central-western Spain (CWS), northeastern Spain (NES), France (FRA), Italy (ITA), Greece (GRE), Israel (ISR) and Kazakhstan (KAZ) (see Table 1 , Fig. 1 ). Only one individual per nest was analysed, and therefore, individuals were presumably unrelated. Number of individuals analysed per population is shown in Table 1 . Birds were caught during the 2002 and 2003 breeding season, and thus, our estimates are unlikely to be influenced by temporal variation in selection patterns. Blood samples from Iberian birds were preserved in absolute ethanol, and feathers pulled from the birds' back were stored in paper envelopes or plastic bags and kept at 4°C when sampling individuals from the remainder breeding distribution. The DNA purification protocol we used follows that described by Gemmell & Akiyama (1996) . Blood and feather tips were digested by incubation with proteinase K for at least 3 h. DNA purification was carried out by using 5M LiCl, organic extraction with chloroform-isoamylic alcohol (24:1) and DNA precipitation with absolute ethanol. Pellets obtained were dried and washed twice with 70% ethanol, and later stored at -20°C in 0.1 mL of TE buffer.
Microsatellite genotyping
We amplified nine microsatellites that were isolated originally in the peregrine falcon Falco peregrinus (Fp5, Fp13, Fp31, Fp46-1, Fp79-4, Fp89, Fp107 CL58 and Cl347; Nesje et al. 2000; see Appendix) . For each locus, PCR was carried out in a PTC-100 Programmable Thermal Controller (MJ Research) using the following PCR profile: 35 cycles of 40 s at 94°C, 40 s at 55°C, 40 s at 72°C and finally, 4 min at 72°C. Each 11 μL reaction contained 0.2 U of Taq polymerase (Bioline), 1× PCR manufacturersupplied buffer, 1.5 mm MgCl 2 , 0.02% gelatine, 0.12 mm of each dNTP, 5 pm of each primer and, approximately, 10 ng of genomic DNA. Forward primers were 5′-end labelled with HEX, TET or 6-FAM. Amplified fragments were Table 1 Sampled populations and number of birds typed at microsatellites (μsats), mtDNA control region sequences (CR) and Fana-DAB*1 (MHC). The most abundant MHC alleles at each location are indicated. MHC alleles were named following the nomenclature recommended by Klein et al. (1990) Population ( resolved on an ABI PRISM 310 Genetic Analyser (Applied Biosystems). Conformity to Hardy-Weinberg expectations and linkage disequilibrium was analysed using genepop (Raymond & Rousset 1995) .
Mitochondrial DNA sequencing
We amplified a 262-bp fragment (excluding primers) of the mitochondrial control region (CR) that has previously been shown to contain a high number of polymorphic sites in the Falco species (e.g. Nittinger et al. 2007 ). The selected fragment extends from the central part of the CR to the repetitive section adjacent to the trRNA (positions 15 814-16 014 in F. peregrinus, Accession no. AF090338). Overall, mtDNA samples from16 birds hatched in Spain, 16 birds from Italy and Greece as well as 16 birds from Israel were sequenced (Table 1) . Previous analyses utilizing cytochrome b sequences documented a strong pattern of genetic differentiation between Asian and Mediterranean populations of lesser kestrels (Wink et al. 2004 ). Thus, we believe it unnecessary to amplify control regions sequences from the birds sampled in Kazakhstan. The PCR in these experiments was carried out using primers CRFalF1: 5′-GCTTCACAGGTGACCCTTC-3′ and CRFalR1: 5′-GAT-GTGAATTTTGGCGGG-3′. The PCR profile consisted of 35 cycles of 40 s at 94°C, 40 s at 52°C, 40 s at 72°C and finally, 4 min at 72°C. Each 20 μL reaction contained 0.2 U of Taq polymerase (Bioline), 1× PCR manufacturer-supplied buffer, 1.5 mm MgCl 2 , 0.02% gelatine, 0.12 mm of each dNTP and 5 pm of each primer. Since the yield of PCR products was generally low when amplifying mitochondrial sequences from feather tips, we performed post re-amplifications to increase the concentration of the PCR template to be sequenced as well as negative controls in the PCR experiments in order to detect contaminations. Sequencing reactions were carried out using the BigDye 1.1 Terminator technology, and labelled fragments were subsequently resolved in a 3100 automated sequencer (Applied Biosystems). The co-amplification of nuclear copies of mitochondrial sequences (numts) was detected through the analysis of sequencing chromatograms. Some individuals showing one or two double peaks were discarded and substituted by new individuals until we reached the sample sizes given above. Since avian erythrocytes are enriched for nuclear DNA and depleted for mitochondrial DNA, the co-amplification of putative numts was more frequently found in DNA extracted from blood samples (four cases out of 20 individuals analysed) than in DNA extracted from feather tips (two cases out of 34 individuals analysed). Unambiguous sequences were aligned using the software bioedit (Hall 1999 ) and basic statistics of mtDNA diversity, including nucleotide and haplotype diversity, were calculated in dnasp (Rozas et al. 2003) .
MHC class II genotyping
The entire second exon of an MHC class II Β locus, which we here designate as Fana-DAB*1, was amplified using primers Fal2FC (5′-CCTCCCTGTACAAACAGAG-3′) and Fal2RC (5′-GTGGCACTGGGAAACSTG-3′), which sit in the flanking introns 1 and 2, respectively (see Alcaide et al. 2007 for more details). Overall, 121 kestrels were genotyped from Spain to Kazakhstan (Table 1 ). The PCR was carried out in a PTC-100 Programmable Thermal Controller (MJ Research) using the following PCR profile: 1 cycle of 4 min at 94°C, 35 cycles of 40 s at 94°C, 40 s at 56°C, 40 s at 72°C and finally, 4 min at 72°C. Each 25 μL reaction contained 0.4 U of Taq polymerase (Bioline), 1× PCR manufacturersupplied buffer, 1.5 mm MgCl 2 , 0.02% gelatine, 0.12 mm of each dNTP, 10 pm of each primer, 5% DMSO and, approximately, 25 ng of genomic DNA. Investigation of variation at MHC loci requires separating the different PCR amplification products, either because of the possibility of amplifying more than one locus, or because individuals are likely to be heterozygous at many sites in these loci. After PCR clean-up in Microcon centrifuge tubes (Millipore), PCR products were cloned into bacterial plasmids using the PGEM-T easy vector system II (Promega). Clones were screened for the expected insert size in 1.5% agarose gels by running a second PCR with M13 primers. Six to eight positive clones per individual were selected at random for sequencing analysis. Sequencing reactions were carried out using the BigDye 1.1 Terminator technology and labelled fragments were subsequently resolved in a 3100 automated sequencer (Applied Biosystems). MHC class II sequences were aligned and edited using bioedit 7.0.5.2 (Hall 1999) . Following Edwards et al. (1995) , rare sequences found only once and differing by less than 3 bp from a redundant sequence of the same PCR product were considered artefacts of PCR errors and were assumed to have already been sampled. Since recombination of cloned PCR products is an additional source of artefacts (Bradley & Hillis 1996) , direct sequencing of uncloned PCR products was used to check for agreement of polymorphic sites with cloned sequences. All alleles found only in one individual were verified by performing a second typing of that individual. Polymorphism statistics were generated using the software dnasp (Rozas et al. 2003) . Putative amino acid sequences were obtained after alignment to the chicken B-LBII (Zoorob et al. 1990 ).
Estimating diversifying selection in the presence of recombination
There are many tests for selection on MHC genes, each appropriate for different timescales over which selection acts (reviewed by Garrigan & Hedrick 2003) . The selection parameter ω measures the ratio between nonsynonymous substitutions (d N ) and synonymous substitutions (d S ) along coding sequences. An excess of nonsynonymous substitutions over synonymous substitutions is related to positive selection, where ω > 1. By contrast, functional constraints in protein sequences are indicated by values of ω < 1. Maximum-likelihood methods have been widely used to test for the presence of codons affected by positive selection and to identify those sites (e.g. Yang 2000) . Nevertheless, the use of phylogenetic methods to identify sites experiencing diversifying selection in the presence of high levels of recombination is believed to cause high numbers of false positives (Anisimova et al. 2003) . In this respect, high recombination rates at the MHC have been commonly documented (e.g. Richman et al. 2003; Edwards & Dillon 2004; Miller & Lambert 2004b) , and consequently, ω values might be overestimated. We therefore used the recently developed program omegamap (Wilson & McVean 2006) , which permits inference of positive selection in the presence of recombination. omegamap employs a Bayesian population genetics approximation to the coalescent theory that co-estimates the selection parameter ω and the recombination rate (ρ = 4N e c) along the sequence in order to incorporate evolutionary uncertainty. Positional variation in ω across exon 2 was investigated using a sliding window of 10 codons (approximately 10% of the total, see Wilson & McVean 2006) . Analyses were conducted using an objective set of priors (i.e. those that do not represent any previous information about the values of different parameters considered in the model). Following the authors' recommendation (see more details in Wilson & McVean 2006) , the probable values of the mutation rate (μ) and the transition/transversion rate ratio (κ) were adjusted to follow improper inverse distributions (starting values for μ and κ were set at 0.1 and 3.0, respectively), and the selection parameter (ω) and the recombination rate (ρ) were adjusted to follow inverse distributions in the range between 0.01 and 100. Means for ω, ρ, and the population mutation rate (θ = 4 Nμ) per codon were calculated using the posterior distributions generated with the objective prior set. Two Markov chain Monte Carlo tests were run for 500 000 iterations, with a 50 000 iteration burn-in. After paired chains were checked for convergence (i.e. two independent runs should match within an acceptable degree of error when comparing in a plot the mean and higher and lower 95% highest posterior densities for ω against codon position), they were merged to infer posterior distributions over ω.
Estimates of population differentiation
The extent of population differentiation at supposedly neutral microsatellite markers was calculated according to the traditional F ST estimate using the software genetix 4.04 (Belkhir et al. 1996 (Belkhir et al. -2004 . On the other hand, the substantial variability commonly found at MHC genes has highlighted the statistical inadequacy of analysing individual DNA or amino acid sequences for some problems. This fact has been addressed, for instance in humans, by grouping alleles into supertypes attending to shared binding motifs (e.g. Lund et al. 2004 ). Although only a few amino acid differences are known to confer different degrees of protection against pathogens (e.g. Hill 1998; Froeschke & Sommer 2005; Bonneaud et al. 2006) , closely related alleles are thought to have similar peptidebinding properties (e.g. Trachtenberg et al. 2003) . Thus, the relative frequencies of certain allelic lineages, rather than individual alleles, may reflect adaptation to local pathogen communities. We therefore calculated the nucleotidesequence-based estimate of genetic differentiation K ST (Hudson et al. 1992) for MHC and mitochondrial sequences using the software dnasp (Rozas et al. 2003) . In addition, clustering of class II alleles was visualized through Neighbour-Net networks that were built in the software splitstree 4 (Huson & Bryant 2006) using maximumlikelihood distances. In this respect, phylogenetic networks are believed to provide a useful representation of the genetic relationships among sequences when recombination is operating as compared to traditional phylogenetic trees. Finally, isolation by distance was investigated through Mantel tests that were carried out in the program genetix 4.04. After introducing a matrix containing both genetic and demographic data, P values were calculated using 10 000 permutations. Geographical distance was calculated according to a straight line connecting each pair of sampled populations.
Results
Genetic diversity at nine microsatellite loci, mtDNA-CR sequences and Fana-DAB*1
We found 103 alleles across nine microsatellite markers and 327 genotyped kestrels. Average observed heterozygosity was 0.66. No significant evidence of linkage disequilibrium was reported between any pair of loci analysed. Only locus Fp107 departed significantly from Hardy-Weinberg expectations and was subsequently removed from further analysis. This locus consistently showed heterozygosity deficits that are likely related to the presence of null alleles (see also Nesje et al. 2000) . Six different mtDNA-CR haplotypes were found in 48 lesser kestrels sampled across the Mediterranean (GenBank Accession nos EU525933-EU525938). The polymorphism survey at mtDNA sequences revealed 13 segregating sites corresponding to 13-point mutation events, 5.4 nucleotide differences on average (0.41 per site) between unique alleles (k) and a nucleotide diversity (π per site) of 0.021. At the MHC class II locus Fana-DAB*1, we isolated 103 alleles from 121 kestrels (GenBank Accession nos EF370767-370788 and EU107667-EU107746, see Fig. 2 ). Average heterozygosity was 0.98. The polymorphism statistics derived from the analysis of our MHC Class II DR Β exon 2 data set revealed 70 variable sites (S), 23.32 nucleotide differences on average (0.33 per site) between unique alleles (k), 85 nucleotide differences (1.214 per site) between all alleles and a nucleotide diversity among all alleles (π per site) of 0.086. All unique sequences differed by at least one nonsynonymous substitution in the PBR, which suggests that they might also differ in their antigen binding properties. None of the MHC sequences reported here showed any signs of nonfunctionality, such as stop codons or frameshift mutations. We consistently found one or two different MHC alleles per individual. Positive selection and recombination rates at Fana-DAB*1 Genetic analysis performed in dnasp revealed significant deviations from neutral expectations in the frequency spectrum of segregating sites within the kestrel MHC, with an excess of high frequency sites (Tajima's D = 2.37, P < 0.05). Analyses performed in omegamap revealed a mean value per codon of ω = 4.02. Spatial variation in the selection parameter ω across exon 2 is represented in Fig. 3 where several amino acid sites display a hallmark of positive selection. The mean amount of population recombination per codon (ρ = 0.389) greatly exceeds the mean amount of population mutation (θ = 0.017). These results suggest that the accumulation of new recombinants exceeds that of new mutations by at least one order of magnitude. The Neighbour-Net network presented in Fig. 4 also reveals a complex pattern suggesting multiple recombination events during the evolutionary history of the locus.
Patterns of population differentiation at neutral and adaptive loci
Pairwise estimates of population differentiation at eight microsatellite markers revealed significant evidence of isolation by distance across the Mediterranean breeding distribution of lesser kestrels (r = 0.50, P = 0.04; Fig. 5 ). We excluded the population from Kazakhstan (N = 7) from this analysis because of the low reliability of microsatellite data when sample sizes are small. Significant evidence for isolation-by-distance patterns was also found after analysing the Fana-DAB*1 locus (r = 0.67, P = 0.01; see Fig. 5 ). Nonetheless, pronounced differences regarding the frequencies of the most abundant MHC alleles, as well as the relative frequencies of each allelic lineage, contrast with the uniform distribution of allelic frequencies that we found at microsatellites (see Table 1 , Figs 4 and 6). For instance, 13 class II sequences isolated from seven kestrels sampled in Kazakhstan were not previously registered in any Mediterranean kestrel. Moreover, we found an exclusively abundant amino acid motif in Kazakhstan (amino acid positions 48-60; see Fig. 2 ). By contrast, the chance of finding private alleles at high frequencies when analysing microsatellite markers was low (see Fig. 6 ). Genetic divergence at the MHC fits better into geographical variation at mitochondrial control region sequences (see Fig. 4 ). Thus, we found one haplotype uniformly distributed across the Western and Central Mediterranean that was also abundant in the most distant Mediterranean population of Israel. Nevertheless, we found in Israel new haplotypes not previously reported in European populations that might represent Asian haplotypes. The K ST estimate for CR sequences between the most distant Mediterranean populations of Spain and Israel was 0.17 (P < 0.05).
Discussion
Ours is one of the first studies examining MHC diversity in wild populations of a bird of prey. We have reported exceptionally high levels of polymorphism at a putatively functional and expressed MHC class II locus in the lesser kestrel, Fana-DAB*1. Analysis of the entire second exon revealed no stop codons or frameshift mutations as well as genetic evidence for balancing selection and recombination. Whereas Bayesian analysis of diversifying selection in the presence of recombination seems to be more conservative than maximum-likelihood methods (see Alcaide et al. 2007 for a comparison), several amino acid sites of exon 2 were shown to have experienced strong positive selection (Fig. 3) . Although we have not performed gene expression analysis, research in this topic has observed a strong correlation between signatures for balancing selection and expression (e.g. Zoorob et al. 1990; Jacob et al. 2000) . In addition, whereas many studies in birds have been unable to examine allelic diversity at a single MHC locus Hess et al. 2000; 2004), or have encountered low polymorphism at MHC loci (Hess et al. 2000; Gasper et al. 2001; Aguilar et al. 2006) , we have been able to focus exclusively on variation at a single highly polymorphic MHC locus. In fact, the level of expression and functional relevance of different loci, as well as locus identity of alleles is unknown in many bird studies (i.e. Hess et al. 2000; Bonneaud et al. 2004) , making appropriate population genetic analyses difficult. Hence, the specific amplification of a single locus exhibiting strong positive selection may turn the lesser kestrel into an excellent model species for the investigation of the evolutionary significance of MHC genes and its relationship to adaptive variation. The amplification of one single locus in this species is also supported by an ongoing study in which the segregation of MHC alleles from parents to the offspring is fitted to a single model of biparental inheritance. Hence, we found some homozygous genotypes in the offspring when the parents shared at least one allele (M. Alcaide, J. J. Negro, D. Serrano, unpublished data) . At the very least, MHC allelic composition and heterozygosity at the genomic level can therefore be readily tested in detail in kestrels and related species (for instance, in relation to resistance/susceptibility to parasite infections and other fitness-related traits such as reproductive performance). The role of heterozygosity at the MHC has been rarely documented in natural populations in detail (e.g. Hedrick et al. 2001; Arkush et al. 2002; Froeschke & Sommer 2005) , although experiments in mice under laboratory conditions are exemplary in this regard (Penn et al. 2002) .
Both microsatellite markers and the MHC locus Fana-DAB*1 revealed an isolation-by-distance pattern in our study area that would be in agreement with population fragmentation and with apparently limited dispersal abilities in the philopatric lesser kestrel (Negro et al. 1997; Serrano et al. 2001; Serrano & Tella 2003) . Nonetheless, the lack of private alleles at high frequencies across microsatellites contrasts with the pronounced differences in the frequencies of MHC alleles or allelic lineages between European and Asian populations (see Figs 4 and 6). Such genetic divergence may be consequence of historically limited gene flow among both areas, a fact that is supported by preliminary mitochondrial data in the form of cytochrome b sequences (Wink et al. 2004) as well as by our control region sequences (Fig. 4) . On the other hand, it is perhaps not surprising that the microsatellite loci showed uniformly lower levels of differentiation than Fana-DAB*1. These two sets of loci differ not only in selective regimes but also in mechanism of mutation, with microsatellites showing levels of variation that many have argued can compromise studies of even closely related populations. Back-mutation and homoplasy can be common in microsatellite alleles, and the high variation within population can result in artificially low levels of population divergence (e.g. Charlesworth 1998). Thus, direct comparison of population patterns of microsatellites and MHC is ultimately complicated by their very different mechanisms of evolution. A more appropriate comparison would be, for example, Fana-DAB*1 with anonymous loci or introns, which, like the MHC, are genotyped by sequencing and evolve primarily by point mutation. Such a study would better identify the true causes of differences between MHC and the neutral portion of the lesser kestrel genome. The contrast in K ST values between CR sequences and the Fana-DAB*1 locus after comparing the two distributional borders in the Mediterranean (0.17 vs. 0.015) is instructive in this regard. Accordingly to the equation K ST = 1/1 + 4Nm, we expect K ST for mitochondrial sequences to be four times higher than for a nuclear gene since the population size of the former is one-fourth of the latter. Nonetheless, our results suggest that fixation rates in CR sequences are at least one order of magnitude higher than those reported for MHC coding sequences. These results should be explained in part because balancing selection at the MHC may have mitigated the effects of genetic drift (but see for instance Miller & Lambert 2004a when dealing with small populations).
Restricted gene flow is a crucial condition to favour local adaptation, and therefore, spatial variation in parasite selection regimes may cause MHC polymorphism in accordance with the hypothesis of Hill (1991; see also Hedrick 2002) . Recently, Ekblom et al. (2007) explained spatial patterns of MHC class II variation in the great snipe Gallinago media as a result of local adaptation to different ecologically distinct distributional regions (i.e. mountain populations vs. lowland populations). By contrast, lesser kestrels are known to inhabit similar steppes and pseudosteppes ecosystems across Eurasia (Cramp & Simmons 1980; Ferguson-Lees & Christie 2001) , and our results would be better explained attending to limited gene flow translated into different adaptations to local pathogen communities as an example of geographically varying co-evolution (see Thompson 2005) . In this sense, several studies have shown that the degree of population structure of parasites is related to that of the host species exploited (e.g. Blouin et al. 1995; Criscione & Blouin 2007) , while others have documented situations in which the host displayed low genetic differentiation but parasite populations were strongly structured (e.g. McCoy et al. 2005) .
Finally, strong geographical variation at the MHC suggests the potential of locally selected MHC alleles or allelic lineages to resolve the origin of captive or vagrant individuals. The lesser kestrel has a direct implication in this regard, since knowledge about the composition of the different wintering grounds in Africa is of high relevance in conservation. Hence, MHC alleles could be used in combination with mtDNA to unravel migration routes. At the very least, cytochrome b sequences implicated South Africa as an important wintering ground of Asian populations, with no trace for European birds (Wink et al. 2004) . Nevertheless, Wink and coworkers found some degree of haplotype mixing in both breeding and wintering populations, and at this point, MHC alleles may improve assignment of individuals. In the same line, our CR sequences give no resolution in European populations and shared haplotypes have been found in Israel. Since the intronic sequences flanking the second exon of the class II B genes are highly conserved at the family level (Alcaide et al. 2007) , this highly polymorphic region can be successfully cross-amplified in a large variety of species as a means of obtaining fast and valuable genetic information. Moreover, the size of the amplified fragment (about 300 bp) would allow the investigation of noninvasive samples involving degraded DNA.
